Two strains of red clovcr necrotic mosaic virus (TpM 34 and TpM 48) were distinguished by their serological relationship, by the symptoms they induced in selected host plants and by Northern hybridization analysis. Purified RNA 1 and RNA 2 of the two strains were inoculated to the leaves of Chenopodium amaranticotor, Vigna unguiculata and C. quinoa in all possible combinations. It was demonstrated that a heterologous mixture containing RNA I of TpM 34 and RNA 2 of TpM 48 was infectious, resulting in lesion development whereas the reciprocal combination was not. The infectious pseudorecombinant was isolated by several single lesion transfers in C. quinoa and its genetic nature was confirmed by serology and Northern hybridization analysis. Inoculation of the pseudorecombinant and the two parental strains to five selected host plants revealed that symptom expression was determined by RNA 1.
could also be distinguished by Northern hybridization analysis. Hybridization at 42 °C showed some cross-hybridization between the two strains (data not shown) when c D N A s prepared against unfractionated R N A of each strain were used as probes. However, the c D N A s hybridized only with their homologous R N A when the hybridization stringency was increased to 55 °C ( Fig. l b, c) .
Our initial attempts to isolate a pseudorecombinant involving the exchange of R N A 1 from R C N M V ' T p M 48 and R N A 2 from R C N M V -T p M 34 were unsuccessful. Table 1 summarizes the results of experiments in which genomic R N A segments of R C N M V -T p M 34 (TIT2) and R C N M V -T p M 48 (tl t2) were inoculated alone and in various combinations. Inocula containing single genome segments were poorly infectious, indicating that the R N A segments from each virus strain were not significantly cross-contaminated. However, when R N A 1 and R N A 2 segments from the same strain were mixed as inoculum, the number of lesions produced was at least 40-fold greater than that from the mixture of the separated segments. Similarly, inocula containing Tit z were also highly infectious. On the other hand, the number of lesions produced by inocula containing tiT2 was almost as low as that of the individual R N A segments. Additional evidence for the incompatibility of genome segments tl T2 was obtained from the following results: (i) no virus particles could be detected in cowpea leaves by ISEM with antisera 193 I" In each experiment, 36 leaves were used. One half of each of six leaves was inoculated with a single RNA segment from each strain and the corresponding opposite half-leaf was inoculated with a mixture of both RNA 1 and RNA 2 from the same strain. Similarly, both heterologous mixtures were inoculated on opposite half-leaves of the remaining 12 leaves. Thus, the average lesion numbers tabulated are from counts on 12 (inocula 1 and 2), six (inocula 3 to 6), and 12 (inocula 7 and 8) half-leaves.
to each parental strain and (ii) virus RNA could not be detected in cowpea leaves by dot hybridization (Garger et al., 1983) under low stringency conditions with eDNA probes prepared to unfractionated RNAs from the two parental strains.
Following the inoculation of C. quinoa with pseudorecombinant T~t2 a total of 11 single lesions were excised and inoculated to individual P. vulgaris plants. Eight of the inoculations produced infection and extracts of the infected plants produced strong precipitin lines with antiTpM 34 serum but not with anti-TpM 48 serum. One of these isolates was further cloned by two more single lesion transfers in C. quinoa and propagated in P. vulgaris. The hybrid nature of the pseudorecombinant was confirmed by the following experiments. (i) In the gel immunodiffusion test the antigenic properties of the pseudorecombinant were indistinguishable from those of the parental strain providing RNA I (Fig. 1 a) . This was as expected, because it had been previously demonstrated that RNA 1 of RCN MV carries the coat protein gene (Okuno et al., 1983; MorrisKrsinich et al., 1983) . (ii) In Northern blots done at high stringency, 32P-labelled cDNA probes to unfractionated TpM 34 RNA hybridized to both RNA species of TpM 34 but only to RNA 1 of pseudorecombinant Tit2 (Fig. I b) , whereas 32p-labelled cDNA probe to unfractionated TpM 48 RNA hybridized to both RNA species of TpM 48 but only to RNA 2 of pseudorecombinant T1 t2 (Fig. 1 c) . These characteristics were routinely checked over a period of 2 months and found to be consistent, confirming that the pseudorecombinant Tit2 was stable. Examination of the pseudorecombinant and the two parental strains on five selected plant species indicated that the local and systemic symptoms induced by the pseudorecombinant Tit2 were similar to those induced by the parental strain providing RNA 1.
These results contrast with the report of Okuno et al. (1983) that any combination of RNA 1 and RNA 2 from isolates of sweet clover necrotic mosaic virus, red clover necrotic mosaic virus and clover primary leaf necrosis virus was highly infectious. Our results also differ from those of Osman et al. (1986) who observed that genome components of RCNMV-TpM 34 and RCNMV-H (English strain) were reciprocally compatible, in spite of their distant serological relationship and lack of nucleic acid homologies. We have no explanation for this discrepancy, except that one of the parental strains is different from the one used in this experiment. However, there are indications that among distantly related viruses or strains, certain combinations of genome segments are viable and often the interchange is unilateral. Examples of this behaviour are given by the two strains of tobacco rattle virus (Ghabrial & Lister, 1973) , by two strains of tomato black ring virus (Randles et al., 1977) and by the two strains of RCNMV studied here (Table 1 ).
The lack of genetic complementation in certain combinations has been explained as follows.
Firstly, as in the case of cowpea mosaic virus (Huber et al., 1977) it is possible that virus multiplication occurred but the spread from inoculated cells to the neighbouring cells was restricted. However, since no viral nucleic acid was detected in the leaves inoculated with pseudorecombinant tiT2 in dot blot assay, we conclude that this combination of genome segments was not infectious. Secondly, it has been suggested that incompatibility resuks from a 'replicase subunit' specified by the genomic RNA of one strain not recognizing the complementary genomic RNA of another (Van Vloten-Doting et al., 1977) . Whether this explanation is applicable to the result in this investigation remains to be tested.
The symptomatology of the two RCNMV strains studied here differed somewhat from the previous reports (Hollings & Stone, 1977; Osman et al., 1986) . It is possible that TpM 34 and TpM 48 used in this study were mutants which had lost the ability to produce a systemic infection in cowpea and N. clevelandii respectively. Most strains of RCNMV are serologically very diverse (A. L. N. Rao & C. Hiruki, unpublished data) and hence decisions regarding whether two strains of RCNMV are strains of the same virus or distinct viruses are rather arbitrary. In v Jew of the results reported in this paper together with those of Osman et al. (1986) , it would be interesting to extend the work reported here to the compatibility between the RNAs of a wider range of RCNMV strains, since the results of such studies may be of significance to the taxonomy of the group.
